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METHOD FOR ADJUSTING A NATURAL
REFRIGERATION CYCLE RATE OF AN AIR
CONDITIONER

BACKGROUND

The present disclosure relates generally to a method for
adjusting a natural refrigeration cycle rate of an air condition-
ing system.

Vehicle air conditioning systems provide comiort to
vehicle passengers. Such systems include at least a compres-
sor, a condenser, and an evaporator. Air conditioning systems
often include an expansion valve, and the expansion valve
may be thermostatically controlled 1n some systems. Gener-
ally, a compressor compresses a refrigerant, which 1s subse-
quently passed through a condenser and an expansion valve.
As the refrigerant expands to a lower pressure across the
expansion valve, 1t becomes colder. The cold refrigerant 1s
passed through a heat exchanger generally known as an
evaporator which cools air passed over 1t. If the temperature
of the evaporator 1s below the Dew Point, water from the air
will condense on the surface of the evaporator, thus lowering,
the humaidity of the air. Generally, the operating temperature
ol the evaporator 1s regulated 1n order to prevent the freezing
of moisture that collects thereon. The refrigeration can be
stopped and restarted to regulate the temperature of the
evaporator.

The refrigeration can be stopped and started 1n many ways,
for example by controlling the compressor, the Thermostatic
Expansion Valve (TXV), or combinations thereof. The com-
pressor 1s often driven by a mechanical component that may
be cycled “on” and “off”. For example, the mechanical com-
ponent may be an electromagnetic clutch that can be used to
releaseably couple the compressor to a pulley caused to rotate
by a drive-belt connected to an engine. In another example, a
variable displacement compressor may be configured to sub-
stantially stop compressing refrigerant. If there 1s a TXV, 1t
may be cycled open and closed. The refrigeration cycle of the
air conditioning system 1s managed, for example, using tem-
perature or pressure relationships of the refrigeration circuit
or of the evaporator 1n order to prevent the previously men-
tioned freezing conditions.

Temperature sensors may also be included to assist in
managing the refrigeration cycles. Generally, temperature
thresholds are used to regulate refrigeration cycles. For
example 1f the temperature of air discharged from the evapo-
rator exceeds an “on” threshold, the refrigeration cycle 1s
activated by, for example, engaging the compressor or open-
ing the TXV. If the temperature of air discharged from the
evaporator falls below an “off” threshold, the refrigeration
cycle 1s deactivated by, for example, disengaging the com-
pressor or closing the TXV. In addition to or as an alternative
to measuring the air temperature, the temperature of the fin
and/or the refrigerant may be measured, and each of these
measurements 1s mndicative of the evaporator temperature.

The natural refrigeration cycle rate of an air conditioner 1s
based on the rate at which the evaporator cools when cold
refrigerant 1s supplied to 1t, and warms when the cold refrig-
crant supply 1s stopped.

SUMMARY

A method for adjusting a natural refrigeration cycle rate of
an air conditioning system includes monitoring a time
between at least two sequential refrigeration “off” events or at
least two sequential refrigeration “on” events, and determin-
ing whether the time 1s below or above a predetermined time.

10

15

20

25

30

35

40

45

50

55

60

65

2

If the time 1s below the predetermined time, the method
turther 1includes 1ncreasing a refrigeration “on” temperature
threshold. If, however, the time 1s above the predetermined
time, the method further includes decreasing the refrigeration
“on”” temperature threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the present
disclosure will become apparent by reference to the following
detailed description and drawings, 1n which like reference
numerals correspond to the same or similar, though perhaps
not 1dentical, components. For the sake of brevity, reference
numerals having a previously described function may or may
not be described 1n connection with subsequent drawings in
which they appear.

FIGS. 1A, 1B and 1C together depict a schematic view of
an embodiment of the system for adjusting the natural refrig-
eration cycle rate of an air-conditioning system; and

FIG. 2 1s a graph depicting evaporator discharge tempera-
tures associated with the natural refrigeration cycle rate and
the adjusted refrigeration cycle rate of an air conditioning,
system.

DETAILED DESRIPTION

Embodiments of the method disclosed herein enable the
natural rate of a refrigeration cycle to be adjusted to match a
desired rate of “on”/“off” cycling. The desired rate may be
selected based on some outlet temperature variation criteria,
or on some specific rate limit defined for durability. It 1s
believed that the method disclosed herein advantageously
presents an operating condition whereby sequential cycles do
not exhibit a hi/low outlet temperature profile that causes
large outlet temperature tluctuations. Rather, the method dis-
closed herein automatically adjusts the refrigeration cycle
rate to reduce the variation of the outlet temperature and
achieve a desirable temperature variation condition at the
distribution outlets.

Retferring now to FIGS. 1A, 1B and 1C together, an
embodiment of the system 10 for adjusting the natural refrig-
eration cycle rate of an air conditioner (which 1s 1mncluded 1n
the AC/HVAC component 12) 1s depicted. It 1s to be under-
stood that the method will be discussed 1n reference to these
figures.

A sensor 14 1s operatively connected to an evaporator (also
included in the AC/HVAC component 12). When the com-
pressor1s turned “on”, warm air blown through the evaporator
to an outlet (not shown) 1s chilled. The sensor 14 1s configured
to detect a temperature of the chilled air (or of the fin and/or
refrigerant, each of which is indicative of the air temperature)
and to output a temperature sensor signal indicative of this
temperature. An electronic control unit (ECU), included in
the AC/HVAC component 12) i1s configured to receive the
temperature sensor signal, and also to detect the time between
sequential “on” or “off” events of the compressor. It 1s to be
understood that generally the “off”” events are directed by the
compressor “oil”” temperature threshold, shown at reference
numeral 15 1n FIG. 1B.

In detecting the time, the ECU monitors the “on”/“off”
state of the compressor. For example, the ECU 1s configured
to record the time when the compressor state changes from
“off” to “on” (an “on” event), and then again when the com-
pressor states changes from “on” to “off” (an “ofl” event).
The ECU 1s also configured to calculate and record the time
between two or more sequential “on” events or two or more
sequential “off” events”. The ECU 1s programmed to com-
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pare the time between the “on” or “off” events with a prede-
termined time. As such, the system 10 also includes the soft-
ware and hardware for making such a comparison. The
predetermined time 1s generally any time that 1s desirable
between “on” events or “oil” events. It 1s to be understood that
the compressor clutch 1s designed for a certain number of
cycles over the life of the system 10. If the time between
cycles 1s too short, then the clutch will reach the end of design
life earlier than desirable. As such, the predetermined time 1s
generally determined, at least 1n part, by the number of cycles
that the particular compressor clutch 1s designed for.

It 1s to be understood that the hardware and software 18
determines whether the compressor should be “on™ or “off”
based upon the compressor “off” temperature threshold or the
adjusted compressor “on’” temperature threshold. The ECU 1s
initialized with a predetermined compressor “on” tempera-
ture threshold. If the time measured between two or more
sequential “on” or “off” events 1s more than a predetermined
time, the ECU does not change the compressor “on” tempera-
ture threshold. If the time measured between two or more
sequential “on” or “off” events 1s less than the predetermined
time, the cycle 1s too fast and the compressor “on” tempera-
ture threshold 1s too low. In such instances, the ECU increases
the compressor “on” temperature threshold to a desirable
temperature. This increase in the compressor “on” tempera-
ture threshold will reduce the natural cycle rate of the com-
pressor. If, however, the time measured between two or more
sequential “on” or “off” events 1s above the predetermined
time, the cycle 1s too slow and the compressor “on’ tempera-
ture threshold 1s too high. In such instances, the compressor
“on” temperature threshold 1s decreased to a desirable tem-
perature. This decrease 1n the compressor “on” temperature
threshold will increase the natural cycle rate of the compres-
SOF.

The increase or decrease in the natural cycle rate 1s believed
to reduce the temperature variation of the evaporator during,
the air conditioning refrigerant compressor cycling. There
will be less tendency for a durability cycle timer to override
the natural cycle rate of the compressor and cause undesire-
able temperature vaniation. It 1s believed that by normalizing
the temperature variation between sequential cycles, better
regulation of the outlet temperature may be obtained and
freeze protection of the system 10 may be optimized. FIG. 2
illustrates a non-limiting example of the reduced temperature
variation (represented by the broken line) compared with the
temperature variation (represented by the solid line) when the
natural cycle rate 1s not adjusted using the method disclosed
herein.

The compressor “on” temperature threshold may be
adjusted after 1t 1s determined that the time between sequen-
t1al “on” or “ofl” events 1s above or below the predetermined
time. The comparison of the monitored time with the prede-
termined time may take place after two sequential “on” or
“off” events have taken place, or after another desirable num-
ber of “on” or “ofl” events have taken place.

It 1s to be understood that while the cycle may be adjusted
as often as desired, the temperature range for the compressor
“on” temperature threshold may be limited by, for example,
operation down to a specific temperature (such as may be
necessary for defogging of the vehicle glass) and/or a desir-
able mimmum threshold hysteresis to prevent signal noise
induced nuisance cycling. As a non-limiting example, the
mimmum value of the compressor “on” temperature thresh-
old may be slightly above the freeze temperature of the evapo-
rator.

Reference numeral 20 in FIG. 1B 1llustrates a saturation
tfunction 20 that clips the adjusted compressor “on’ tempera-
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ture threshold to upper and lower limits. The output of satu-
ration function 20 1s the adjusted compressor “on” tempera-
ture threshold.

Increasing or decreasing the compressor “on” temperature
threshold 1s accomplished by adding an offset/output (see
reference numeral 22 (FIG. 1B)) to a baseline value (see
reference numeral 24 (FI1G. 1B)). It 1s to be understood that
the range of the adjusted compressor “on” temperature
threshold may be limited by a saturation function 20. The
offset/output 22 1s determined by calculating the difference
between a minimum cycle time (reference numeral 26 (FIG.
1B)) and a time between sequential compressor “off’” events
(or “on” events) (reference numeral 28 (FIG. 1A)) after such
time 1s subjected to low pass filtering (reference numeral 30
(FIG. 1A)). A tunable gain factor 48 1s then applied to the
calculated difference 50, and the offset/output 22 i1s gener-
ated. The tunable gain factor 48 1s generally characteristic of
the air conditioning system and the vehicle in which 1t 1s
installed. If the gain 1s too high, the temperature will over-
shoot the desirable range and could lead to instability, and 11
the gain 1s too low, the response time of the system 10 will be
slow. A slow response could lead to excessive compressor
cycling, or excessive variation 1n temperature.

As mentioned heremnabove, the system 10 also includes a
minimum cycle time 26, which constrains the method such
that the adjusted compressor “on” temperature threshold does
not lead to excessive cycle rates. Limit function 32 only
allows positive threshold shifts which occur when the cycle
time 1s less than the minimum cycle time. For example, if the
minimum cycle time were 15 seconds, the maximum cycle
rate would be 4 cycles per minute. In the example, limit
function 32 would only allow increases 1n the “on” threshold
temperature if the cycle time 1s less than 15 seconds.

As shown 1n FIG. 1A, the system 10 may also include a
component 34 configured to maintain the last determined
compressor “off” event to “oif” event time (or “on” event to
“on” event time). This time may be updated with each com-
pressor cycle resulting from freeze protection (see reference
numeral 36 (FIG. 1A)). A component 38 for recognizing
every cycling of the compressor 1s also imncluded. This com-
ponent 38 1s capable of restarting the “off” to “off” (or “on™ to
“on””) timer 40, shown 1n FIG. 1A. Generally, the component
38 responds to the natural or adjusted compressor cycle. In
some 1nstances however, the AC function may be manually
disabled by the user, and in these instances, the timer 40 1s
reinitialized to a time=0 by components 42 and 44 (FI1G. 1A).

The system 10 may also include a cycle rate limiting timer
46, which ensures a minimum time between the sequential
compressor “on” or “off” events. It 1s to be understood that
such a timer 46 may be used to inhibit activation of the AC
clutch until the time, temperature or other conditions are
satisfied. As shown 1 FIG. 1C, the system 10 may also
include a sub-system 16 which evaluates all of the inputs that
aifect the AC clutch control (e.g., user request, freeze control,
ambient temperatures, or the like) 1n order to determine the
actual clutch state. Such data may be used by the cycle rate
limiting timer 46 (FIG. 1B), which may constrain or restrict
the current state of the compressor according to the defined
time limits applied in timer 46.

The system 10 may also use the sensed evaporator outlet air
temperature to determine the state of the AC system. Such
signals may be directly compared with the temperatures
thresholds (*on” or “off”). It 1s to be understood that the
temperature comparison may be accomplished in addition to
the time comparison.

While several embodiments have been described 1n detail,
it will be apparent to those skilled 1n the art that the disclosed
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embodiments may be modified. Therefore, the foregoing
description 1s to be considered exemplary rather than limait-
ng.

What 1s claimed 1s:

1. A method for adjusting a natural refrigeration cycle rate
of an air conditioner, comprising:

monitoring a time between at least two sequential refrig-

eration “off” events or at least two sequential refrigera-
tion “on” events;

determining whether the time 1s below or above a prede-

termined time; and

increasing a refrigeration “on” temperature threshold if the

time 1s below the predetermined time, or decreasing the
refrigeration “on” temperature threshold 11 the time 1s
above the predetermined time; wherein increasing or
decreasing 1s accomplished by:
determining an oifset by:
calculating a difference between the at least two
sequential refrigeration “oil” events or the at least
two sequential refrigeration “on” events and a
minimum cycle time; and
applying a tunable gain factor; and
adding the determined oflset to a baseline value.

2. The method as defined 1n claim 1 wherein the at least two
sequential “off”” events include two most recently occurring
prior “oil”” events.

3. The method as defined 1in claim 1 wherein the at least two
sequential “on” events include two most recently occurring
prior “on” events.

4. The method as defined 1n claim 1 wherein increasing the
refrigeration “on” temperature threshold decreases the natu-
ral refrigeration cycle rate.

5. The method as defined 1n claim 1 wherein decreasing the
refrigeration “on” temperature threshold increases the natural
refrigeration cycle rate.

6. The method as defined 1n claim 1 wherein the refrigera-
tion “on” temperature threshold has a minimum value deter-
mined by an evaporator freeze temperature.

7. The method as defined 1n claim 1, further comprising
reducing a temperature variation of an evaporator during air
conditioning refrigeration cycling by increasing or decreas-
ing the refrigeration “on” temperature threshold.

8. The method as defined 1n claim 7, further comprising:

receiving a signal indicative of a temperature of air exiting

the evaporator during the time; and

comparing the temperature of the air exiting the evaporator

with the refrigeration “on” temperature threshold.

9. The method as defined 1n claim 1, further comprising
utilizing at least one cycle rate limiting timer to ensure a
mimmum time between the at least two sequential refrigera-
tion “off” events or the at least two sequential refrigeration
“on” events.

10. The method as defined in claim 1, further comprising
low pass filtering the time between the at least two sequential
refrigeration “ofl” events or the at least two sequential refrig-
eration “on” events.

10

15

20

25

30

35

40

45

50

55

6

11. The method as defined 1n claim 1, further comprising
resetting an “oif” to “ofl” timer when the refrigeration 1s
manually deactivated, or when the refrigeration cycles off.

12. The method as defined in claim 1 wherein refrigeration
“off” events are compressor “oil”” events, refrigeration “on”
events are compressor “‘on” events.

13. A system for adjusting a natural refrigeration cycle rate
of an air conditioning system, comprising;:

a sensor for monitoring a time between at least two sequen-
tial refrigeration “oil” events or at least two sequential
refrigeration “on” events;

software for determining whether the time 1s below or
above a predetermined time; and

a controller for increasing a refrigeration “on” temperature
threshold 11 the time 1s below the predetermined time, or
decreasing the refrigeration “on” temperature threshold
if the time 1s above the predetermined time; wherein the
controller 1s configured to:
determine an offset by:

calculating a difference between the at least two
sequential refrigeration “off” events or the at least
two sequential reifrigeration “on” events and a
minimum cycle time; and
applying a tunable gain factor; and
add the determined oifset to a baseline value.

14. The system as defined 1n claim 13 wherein increasing
the refrigeration “on” temperature threshold decreases the
natural reirigeration cycle rate, or wherein decreasing the
refrigeration “on” temperature threshold increases the natural
refrigeration cycle rate.

15. The system as defined in claim 13 wherein the refrig-
eration “on” temperature threshold has a minimum value
determined by an evaporator freeze temperature.

16. The system as defined 1n claim 13, further comprising:

an evaporator having an outlet for emitting air at a tem-
perature, and a sensor configured to emit a signal 1ndica-
tive of the temperature during the time;

wherein the system 1s configured to recerve the signal, and
wherein the software 1s configured to compare the air
temperature emitted by the evaporator with the refrig-
eration “on” temperature threshold.

17. The system as defined 1n claim 13, further comprising
at least one refrigeration cycle rate limiting timer operatively
connected to the air conditioming system to ensure a mini-
mum time between the at least two sequential refrigeration
“off” events or the at least two sequential refrigeration “on”
events.

18. The system as defined 1n claim 13, further comprising
at least one compressor wherein the refrigeration “on” event
1s a compressor “on’” event, and the refrigeration “oil”” event
1s a compressor “ofl” event.

19. The system as defined 1n claim 13, further comprising
at least one thermostatic expansion valve wherein the refrig-
eration “on” event includes a thermostatic expansion valve
“open” event, and the refrigeration “off” event 1s a thermo-

static expansion valve “closed” event.
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